Background
Introduction
Most consultations with adults in primary care involve more than one health problem or disease [1, 2] . Multimorbidity, defined by WHO as being affected with two or more chronic health conditions [3] , has received increased recognition over the past years [4, 5] and has even been termed one of the major medical challenges of the 21st century [3, 6] . Recent research sheds light on various aspects of multimorbidity, mostly focusing on prevalence data [5, [7] [8] [9] [10] and specific patterns of clustering [11] [12] [13] . Multimorbidity increases with age [7, 8, 14] and is more common in lower socioeconomic groups [8, 15, 16] . Beyond this, scientific knowledge pertaining to multimorbidity is still incomplete [10, 17] .
Multimorbid disease clusters tend to defy diagnostic categories within the 'somatic' and 'mental health' domains respectively, and typically also transgress this dichotomy [10, 11] . This evokes the question whether multimorbidity ought to be seen as an artefact of the reigning biomedical classification systems, sometimes referred to as medical 'silo' thinking [10, [18] [19] [20] .
Recognizing multimorbidity as a fundamental challenge to both medical theory and practice, authoritative voices have called for a shift from fragmented, disease-oriented medical care to an integrative 'person-focused' or 'person-centered' care [21, 22] . Irrespective of on-going controversies relating to the practical delivery of clinical care, the link between low socio-economic status and multimorbidity has actualized a scientific interest in potential underlying causes of ill health in general [15, 17, 20] . Using terms such as 'the causes behind the causes' and 'the biology of disadvantage' researchers draw scientific attention to the general impact of relational and socio-political factors which undermine human health [10, 23] .
The technological capacity to explore bio-molecular mechanisms which might link lifetime experiences to human health and disease has evolved rapidly during recent years. Researchers focus on various pathways or markers, such as immune mechanisms [24] [25] [26] [27] , autonomic imbalance [27] [28] [29] [30] [31] , endocrine stress responses [32] [33] [34] , epigenetic mechanisms [35, 36] , and telomere maintenance [37, 38] . This reflects how stress exerts its effects on various biological subsystems and indicates the relevance of exploring the human physiological adaptive systems as a complex whole. The concept of allostasis (gr: stability through change) [39] is based on such an integrative perspective, as previously described [10, 23] . Essentially, allostasis refers to a living organism's physiological ability to guard its integrity (including cellular homeostasis) when encountering challenges and stressors. Allostatic load denotes the cumulative impact of strain on the organism over time, while allostatic overload denotes a 'red flag' physiological risk scenario, where the organism's adaptive and restorative capacity is overtaxed to such an extent that adaptability and flexibility decline prematurely [39] [40] [41] . Allostatic overload results in a gradual loss of physiological flexibility, initially reflected by subtle but wide-spread physiological perturbations and an increased risk of complex disease development, informed by congenital and acquired susceptibilities [10] . The trajectory from adverse childhood experiences to health problems in adult life has received increasing scientific attention since the late 1990s. The US Adverse Childhood Experiences Study represented a milestone as it documented a linear relationship between the number of adversity categories in childhood and morbidity-burden in adult life, both in the somatic and mental domains [42, 43] . Associations between adverse childhood experiences and health problems in adult life (somatic and psychiatric conditions, including addictive behaviours and sleep problems) have later been confirmed in various contexts [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] . These studies have typically focused on predefined adverse experiences, including different forms of abuse, neglect and dysfunctional households [50, [54] [55] [56] [57] [58] [59] . Increasing evidence links adverse childhood experiences to future health problems with reference to allostatic overload [60] [61] [62] [63] . To our knowledge, the association between a subjective, global evaluation of the childhood and adult health has not been examined.
Research hypothesis
In light of the documented association between adverse childhood experiences and health problems, as well as conceptual and empirical links between childhood difficulties and allostatic overload, we outline a framework for our hypothesis, based on our understanding of the topic and the research literature (Fig 1) . The aim of the present study was to explore the connections indicated in the model by studying the association between experience of childhood and multimorbidity in adult life, taking into account the possible effect of behavioural factors as well as markers of allostatic overload.
Study Population and Methods
The Nord-Trøndelag Health Study (HUNT) is a renowned, population based study whose third wave, HUNT3, was carried out in 2006-2008. Every adult living in Nord-Trøndelag County, Norway, was invited to participate and 54% accepted participation [64] . The HUNT3 population has been considered fairly representative of the Norwegian population. It is ethnically homogenous, and since Nord-Trøndelag lacks large cities, the social inequalities in the HUNT population might be smaller than for Norway in general [64, 65] .
The HUNT3 data were collected through questionnaires, physical examinations and blood samples. For the present analysis people aged 30-69 years who answered the question regarding childhood experience were included, in total 37 612 participants with participation rate of 58% (missing 373 individuals or 1% that did not answer regarding childhood experience) [64] . The youngest age groups were somewhat underrepresented, with only 31% participation rate for people aged 20-29 years [66] . They were therefore excluded from the present analyses along with people aged 70 years or more in whom multimorbidity is highly prevalent due to age [7] .
Assessment of childhood difficulties in HUNT3
The overall quality of the respondents' childhood was addressed in HUNT3 by one single question with five fixed response alternatives, referring to the respondent's subjective, global perception of his/her childhood. Our childhood experience question was phrased (here translated to English): 'When you think about your childhood, would you describe it as': 'Very good-good-average-difficult-very difficult'. The question appeared among relatively neutral questions related to everyday topics such as intake of dairy products and living with pets in childhood (questionnaire accessible at www.hunt.no). We worded the question with respect to the local linguistic and cultural context, supported by a linguist.
Assessment of multimorbidity, behavioural patterns and allostatic parameters
We defined multimorbidity as two or more coinciding chronic diseases or conditions in accordance with international consensus [3, 18] . For a fair evaluation of multimorbidity, data on at least twelve relevant chronic diseases are needed [9] . Our analysis includes 21 chronic diseases or conditions, as has previously been described in more detail [10] . Any case of missing data was defined as absence of the disease in question.
Regarding behavioural patterns, we included daily smoking and mean number of cigarettes, sleep problems and physical activity. Daily smoking was defined as use of cigarettes, cigars, pipes and/or snuff daily. Physical activity was measured as a combination of light and hard exercise during the last year, measured in hours as no activity, less than three hours of light activity, more than three hours of light but less than one hour of hard activity and finally more than one hour of hard activity per week.
The HUNT3 database lacks direct data on socioeconomic status (SES). Information regarding educational level was however accessible for 76% of our respondents who had also completed the HUNT2 survey 10 years earlier [64] . This was used as a marker of adult SES.
Sleep problems were defined as difficulty falling asleep, waking up repeatedly during the night or waking too early and not being able to fall asleep again, several times per week for the last month.
To address the possibility of recall bias associated with depression, multimorbidity analyses were also performed after adjusting for indications of current depression, defined as eight or more points on the Hospital Anxiety and Depression Scale (HADS). Multimorbidity and experience of childhood were also compared between depressed and non-depressed groups, respectively.
Allostatic load parameters have been classified as primary (being mostly chemical messengers in response of short term stress), secondary (reflecting cumulative actions of primary Model illustrating the hypothesized links between childhood difficulties and multimorbidity. All arrows indicate potential pathways connecting adverse childhood experiences to multimorbidity. The solidity of the arrows reflect the proposed relative impact of the illustrated factors. Our main hypothesis is indicated by the red arrows leading from a difficult childhood to multimorbidity through allostatic overload. The blue arrows indicate a presumed impact of behavioural and relational patterns in this development. The black arrows reflect additional pathways that might play a significant but generally more limited role.
parameters in a tissue/organ-specific manner) and tertiary (emerging as clinical diseases or disorders) [67, 68] . Somewhat different parameters have been applied and combined to estimate allostatic load in different studies [69] . Our analysis includes twelve secondary allostatic parameters.
For the estimation of systolic and diastolic blood pressure, heart rate and pulse pressure, HUNT3 participants using antihypertensive medication or diagnosed with cardiovascular disease were excluded to avoid medication bias. Likewise, participants reporting diabetes were excluded from estimation of serum glucose. Similar precautions were not possible for cholesterol, as information on cholesterol-lowering medication was unavailable.
Statistical analyses
Descriptive analyses were stratified according to childhood experience. The categorical variables were expressed as frequencies with percentages and continuous variables as means with standard deviations. Differences between childhood groups with p-trends were estimated with Mantel-Haenszel test for linear association and ANOVA test for linearity as appropriate.
Prevalences were estimated for the number of diseases in each group of childhood experience with 95% confidence intervals (CI). The same was performed for individual diseases. Mantel-Haenszel test for linear association was used to test if disease prevalence followed a gradient from very good to very difficult childhood.
Binomial logistic regression was used to assess the odds ratios (OR) of multimorbidity according to childhood experience. All logistic calculations were adjusted for age and gender. Behavioural and biological factors were then introduced to the model, both individually and in different combinations. Participants with missing data regarding allostatic parameters were excluded in all logistic regression models, but missing data on behavioural factors were coded as an additional group for precise comparison between models.
Parameters pertaining to allostatic load were analysed according to childhood experience for each gender. Means were estimated with participants reporting a very good childhood as the reference group. Deviances from the mean according to each group of childhood experience, as well as p-trend, were subsequently estimated with linear regression after adjusting for age.
SPSS statistical program (version 20) was used for all analyses.
Ethics Statement
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Results
Data from 20 338 women and 17 274 men aged 30-69 years were analysed in accordance with their self-reported, global perception of their childhood. In total, 85.4% of the respondents characterised their childhood as very good or good, 3.3% as difficult and 0.8% as very difficult (Table 1) . In general, individuals reporting a difficult or a very difficult childhood were younger (ptrend significant when stratified by gender) and more often female. Smoking was more prevalent in this group and they reported higher cigarette consumption than smokers in other groups. They also reported more sleep problems, less physical activity and a lower educational level. A significant trend was observed from very good to very difficult childhood in all baseline characteristics except for age. Table) shows the prevalence of number of diseases for each given group. Respondents characterising their childhood as very good had a lower number of diseases, with 26.3% reporting no disease, compared to 9.5% and 4.2% for those reporting a difficult and a very difficult childhood, respectively. The total prevalence of multimorbidity increased from 44.8% among respondents reporting a very good childhood to 77.1% among those with a very difficult childhood. For individuals reporting a very difficult childhood, the age adjusted prevalence ratios gradually rose to 1.90, compared to those reporting a very good childhood.
Multimorbidity and childhood experience
A similar trend was found for the prevalence of individual diseases (Fig 3) . The prevalence increased significantly with increasing degrees of childhood difficulty for all diseases, except hypertension and cancer. The increase was sevenfold for mental health problems, fourfold for chronic obstructive pulmonary disease (COPD) and dental health problems, and more than double for fibromyalgia, gastro-oesophageal reflux disease (GERD), rheumatic arthritis and asthma. The prevalence increased almost parallel in both genders, although the absolute prevalence of some diseases differed.
Logistic regression analyses
In the first crude model which did not include any intervening factors, the OR of multimorbidity increased from 1.20 for those with a good childhood to 5.08 (95% CI 3.63-7.11) for individuals reporting a very difficult childhood, compared to very good childhood as reference ( Table 2 ).
The behavioural factors were then introduced one by one to evaluate their association with multimorbidity (S2 Table) . Smoking, physical activity and educational level all lowered the OR marginally. The strongest single factor impact was found for sleep problems with OR declining from 5.08 to 4.32 (95% CI 3.07-6.07) for participants with a very difficult childhood. Analysed individually, the allostatic parameters showed marginal or no impact on OR (S2 Table) . When introduced to the model in combination (Table 2-Model 3) the OR associated with a very difficult childhood declined from 5.08 to 4.73 (95% CI 3.30-7.68) with no effect on OR for the other groups of childhood experience. Combined, the behavioural factors had a stronger impact on OR in very difficult childhood (OR 3.98, Model 3). When all behavioural and allostatic factors were combined, the OR declined to 3.78 (95% CI 2.61-5.47) (Model 4).
Adjusting for current depression in the crude model reduced the OR for very difficult childhood from 5.08 to 4.52 (95% CI 3.20-6.36). In the group with current depression, 11.1% reported a difficult or a very difficult childhood, compared to 4.1% in the group in general. The prevalences of different childhood qualities and multimorbidty did not differ significantly after excluding participants reporting current depression.
Childhood experience and allostatic load
The mean values of eight of the 12 analysed allostatic parameters (Tables 3 and 4 ) differed according to the participants' description of their childhood (p<0.05). Those reporting a difficult or very difficult childhood had, on average, shorter stature, larger waist circumference, higher waist hip ratio and BMI, higher resting heart rate, lower systolic blood pressure, and lower pulse pressure, compared to the other groups. Females but not males reporting a difficult childhood had significantly higher non-fasting blood glucose. Correspondingly, males but not females had a statistically significant trend towards lower diastolic blood pressure (Tables 3  and 4) . 
Discussion
Based on data from a large, stable and relatively affluent Norwegian population, we have documented a clear association between self-reported childhood difficulties and adult disease burden. With increasing childhood difficulties, the prevalence of multimorbidity, as well as most of the eligible diseases and disorders, increased in a dose-response manner. Sleep problems, physical activity and smoking habits followed a similar trend. The cross-sectional study design does not permit direct, causal inferences. Our findings are however concordant with an increasing body of evidence which links childhood adversities to ill health in a life-course perspective [70] [71] [72] . The fact that one question about subjective childhood experience gave such could yield such results, is a new finding. The approach needs further validation in other contexts, but might ultimately prove to have certain qualities in common with the single item questions about selfrated health [73] .
Since this is a cross-sectional study, recall bias connected to the respondents' childhood cannot be ruled out. A heavy disease burden might theoretically be blamed on childhood adversities. Previous studies which have compared retrospective and prospective data on childhood adversity have however not found evidence of recall bias [49, 74, 75] . The possibility is further diminished as we adjusted for current depression.
Approximately four percent of the HUNT3 study participants reported a difficult or very difficult childhood. This number is low, if compared to those that have focused on specified types of adverse events in childhood [52, 53, 76, 77] . Our global experience question is obviously different, as it addresses the respondent's personal appraisal of what might be described as the overall balance between adverse ("drain") and supporting and resilience ("gain") factors [78] in childhood. The low figure might also reflect the relatively favourable socioeconomic conditions in North-Trøndelag population. A direct link between severe poverty in childhood, biological perturbations and disease in adult life has been found in several populations, including the Norwegian county Finnmark in the years 1890-1967 [79] . It is highly unlikely that reported childhood difficulties in HUNT3 refer to food shortage or poor housing on a comparable scale.
One important factor that can´t be evaluated in our study is the impact of parental health. Common genetic disease susceptibilities remain a potential bias that would most likely be of variable importance across the spectrum of diseases.
Concerning the measured allostatic load parameters, eight of the 12 showed an association with childhood experience. This is not surprising, as allostatic parameters are likely to change during the life-course, and we applied measurements performed in adulthood. Furthermore, not all parameters could be optimally evaluated (see methods section). Exclusion of respondents who reported a clinician-diagnosed (and thus presumably treated) diabetes and/or medicated hypertension should lead to underestimation of serum glucose and blood pressure levels. The same applies to cholesterol, as some respondents might have been taking cholesterol-lowering drugs.
The rise in individual disease prevalence with increasing childhood difficulties varied considerably in our study, but the general trend was a dose-response association. The slope was steepest for pain conditions and mental health problems, in accord with previous studies on the health impact of childhood adversity [45, 48, [80] [81] [82] and compatible with a recent study on the relationship between self-rated health and allostatic load in the HUNT population [83] . The trend was also present regarding a number of conditions where physiological dysregulation and life-style are known to interact and even enhance each other, such as obesity, diabetes, dental problems, asthma, COPD, and GERD [42, 54, 76, 84, 85] . We did not find any doseresponse relationship for hypertension in our study. Some studies indicate an association between childhood adversities and hypertension [85] , but this association may be complex, as blunting of the HPA-axis can occur over time, resulting in flattening of the diurnal cortisol rhythm [40, [86] [87] [88] .
As the HUNT Study was conceived in accordance with the traditional biomedical focus on single disease conditions according to the 'silo' model [19] , both the researchers who designed the survey and the questionnaire respondents were 'blinded' to the research question of the present study. Consequently, expectation bias can be ruled out. The fact that diagnoses are selfreported, in contrast to studies based on medical records, can be considered both a weakness and strength, depending on the chosen perspective.
The fact that the HUNT population is ethnically homogenous, with high and socially equitable access to primary healthcare [65] , might be considered a strength, as it documents that multimorbidity is a ubiquitous phenomenon in contemporary Western societies, not only related to social deprivation.
Socioeconomic status has a well documented link to multimorbidity, as previously mentioned [8, 16] . The lack of comprehensive SES data represents a clear weekness of our study. However, the County of North-Trøndelag has been a stable community with a less steep social gradient than many other populations [65] .
A general weakness of the HUNT3 study is the limited participation rate, which must nevertheless be seen as acceptable in a contemporary international context, especially for the age groups included in the current analysis. Participation rates were lowest in the youngest and oldest age groups, especially for young males. It is, however, relevant to notice that younger participants generally reported a higher prevalence of a very difficult childhood than older participants. This might lead to underestimation of the total multimorbidity count in the population. Furthermore, a comparison between participants and non-participants in the HUNT3 study showed that non-participants tended to have a higher prevalence of index diseases as well as a higher mortality [64, 66] . In total, our study probably underestimates the disease burden in the overall population.
Conclusions and implications
Based on data from a general and relatively affluent Norwegian population, we have documented a general, graded association between self-reported childhood difficulties on the one hand and multimorbidity, individual disease burden and biological perturbations on the other. The finding is in accordance with an increasing body of research which conceptualises allostatic overload as an important route by which childhood adversities become biologically embodied [89] . Consequently, we argue that future research on the aetiology and demanding clinical management of multimorbidity [90] should direct more attention to the biological impact of the patients' life experiences [23] .
From the perspective of childhood adversity research, our study applied an original oneitem "childhood experience question". The finding of a strong relation between self-reported childhood difficulties and adult disease burden indicates that this approach can have considerable epidemiological and clinical relevance, worthy of further investigation.
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